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INTEGRATED CIRCUIT INCORPORATING FLIP CHIP AND WIRE BONDING 

Background Of The Invention 

[1] Integrated circuits, and more particularly integrated circuit packaging 

techniques are well known in the art. One packaging technique referred to as flip 
chip bonding is particularly suited for use in devices having moderately high I/O 
count. With flip chip bonding, an integrated circuit is bonded directly to a package 
substrate with solder/bumps carried on the integrated circuit metalization. The 
package substrate, which is usually multi-layered, includes layers of conductive 
patterns which makes selective contact with the solder/bumps through vias in the 
) substrate. Flip chip bonding is desirable due to lowered power supply distribution 
impedance and resulting lowered supply voltage noise. However, flip chip bonding 
can be expensive. This cost is driven, in important part, by very high routing density 
demands placed on the package substrate. 

[2] Wire bonding is another well known packaging technique. Here, the 

15 integrated circuit includes a plurality of bonding pads. The package substrate also 
includes bonding pads. The bonding pads of the integrated circuit are wire bonded to 
the package substrate bonding pads. Wire bonding is generally a low cost 
technique. It places significantly less demands on packaging substrate routing 
density. 

20 [3] There are many low cost applications where flip chip bonding would not 

be an economically viable bonding technique while wire bonding would be an 
economically viable bonding technique. However, many of these applications would 
benefit from the advantages of flip chip bonding in terms of power distribution 
throughout the integrated circuit. The present invention addresses this issue by 

25 providing a low cost integrated circuit having the advantages of both flip chip bonding 
and wire bonding. 

Summary Of The Invention 
[4] In accordance with one aspect of the present invention, the invention 

provides an integrated circuit including an integrated circuit package having a first 
30 plurality of bonding pads, a semiconductor substrate within the integrated circuit 
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package and including a second plurality of bonding pads, and having a surface 
area, and a plurality of wire bonds connecting selected ones of the first plurality of 
bonding pads to selected ones of the second plurality of bonding pads. An 
interconnection substrate is mounted on the semiconductor substrate. The 
5 interconnection substrate has a surface area smaller than the semiconductor 
substrate surface area. 

[5] The interconnection substrate may be flip chip bonded to the 

semiconductor substrate. The interconnection substrate may be formed from an 
organic material, a ceramic material, or a semiconductor such as silicon. 

10 [6] The interconnection substrate preferably includes a conductive 

interconnect layer. The semiconductor substrate preferably includes peripheral areas 
about the interconnect substrate. At least some of the second plurality of bonding 
pads may be within the peripheral areas. The interconnection substrate may further 
include at least one filter capacitor. The integrated circuit package may include a 

15 cavity and the semiconductor substrate may be adhered to the package within the 
cavity. 

[7] The integrated circuit package may include a substrate wherein the first 

plurality of bonding pads and the semiconductor substrate are carried by the 
integrated circuit package substrate. 

20 [8] In accordance with further aspects of the present invention, the 

invention provides an integrated circuit assembly including a semiconductor substrate 
including a plurality of bonding pads and having a surface area. The assembly 
further includes an interconnection substrate flip chip mounted on the semiconductor 
substrate. The interconnection substrate has a surface area smaller than the 

25 semiconductor substrate surface area. 

Brief Description Of The Drawings 

[9] The foregoing aspects and many of the attended advantages of this 

invention will become more readily appreciated as the same become better 
understood by reference to the following detailed description, when taken in 
30 conjunction with the accompanying drawings, wherein: 
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[10] FIG. 1 is a side view, partially in cross section, of an integrated circuit 

structured in accordance witli a first embodiment of the present invention; and 
[11] FIG. 2 is a side view, partially in cross section, of an integrated circuit 

structured In accordance with a further embodiment of the present invention. 
5 Description Of The Invention 

[12] The following discussion is presented to enable a person skilled in the 

art to make and use the invention. The general principles described herein may be 
applied to embodiments and applications other than those detailed below without 
departing from the spirit and scope of the present invention. The present invention is 
10 not intended to be limited to the embodiments shown, but is to be accorded the 
widest scope consistent with the principles and features disclosed or suggested 
herein. 

[13] Referring now to FIG. 1, it illustrates an integrated circuit device 10 

embodying the present invention. The device 10 generally includes a package 
15 substrate 12, a semiconductor substrate 14, and an interconnection substrate 16. 

[14] The substrate 12 is a multi-layered substrate of the type well known in 

the art having a plurality of conductive patterns. The substrate 12 carries a plurality 
of solder balls 18 to facilitate the device 10 being soldered directly to a printed circuit 
board, for example. The substrate 12 further includes a first plurality of bonding 
20 pads 20 which are carried by the substrate 12 in a manner known in the art. 

[15] The semiconductor substrate 14 is adhered to the package 

substrate ^2 with adhesive 22 in a known manner. The semiconductor substrate 14, 
in a manner well known in the art, may include circuits integrally formed therein using 
well known shadow mask and diffusion techniques. The semiconductor substrate 14 
25 carries a second plurality of bonding pads 24. The bonding pads 24 are coupled to 
selected portions of the interconnect layer of the semiconductor substrate 14 in a 
manner well known in the art. 

[16] The interconnection substrate 16 is flip chip bonded to the 

semiconductor substrate 14. To this end, the interconnection substrate carries a 
30 plurality of solder balls 26. The interconnection substrate may be formed from an 
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organic material, a ceramic material, or a semiconductor material such as silicon. 
The interconnection substrate 16 includes at least one conductive interconnect 
layer 28 formed on the substrate layer. The plurality of solder balls 26 of the 
interconnection substrate may be utilized to distribute power and ground throughout 
5 the semiconductor substrate 14. 

[17] As will be noted in FIG. 1, the interconnection substrate has a surface 

area which is smaller than the surface area of the semiconductor substrate to provide 
exposed peripheral areas 29. At least some of the second plurality of bonding 
pads 24 carried by the semiconductor substrate 14 are within the peripheral 
10 areas 29. 

[18] Selected ones of the first plurality of bonding pads 20 are coupled to 

selected ones of the bonding pads 24 of the semiconductor substrate 14 to supply 
power and ground. To this end, the device 10 includes a plurality of bond wires 30 
which connect the bonding pads of the substrate ^2 to the bonding pads of the 
15 semiconductor substrate 14 in a manner known in the art. Hence, power and ground 
are supplied to the interconnection substrate 16 by wire bonds 30 and peripheral 
ones of solder balls 26. 

[19] The interconnect substrate 16 includes a plurality of filter devices 32 

which may include discreet capacitor inductors and/or resistors. The filter devices 32 
20 may be of the type well known in the art for filtering noise from the power supply 
voltage. 

[20] Lastly, the device 10 includes a heat spreader 34 for dissipating heat of 

the device. Within the heat spreader 34 and external to the heat spreader 34 is a 
protective compound 36 which serves as a structural component as well as an 
25 environmental barrier for the device. 

[21] Referring now to FIG. 2, it shows another integrated circuit device 50 

embodying the present invention. The device 50 is of the type which is referred to as 
a cavity down configuration wherein the device package includes a cavity 52 which 
receives the semiconductor substrate 54 therein. The semiconductor substrate 54 is 
30 adhered to the package 56 with a suitable adhesive 58. 
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[22] The package 56 carries a substrate 60. The substrate 60 is preferably 

a multi-layered substrate providing conductive interconnect patterns. The 
substrate 60 includes a first plurality of bonding pads 62. The semiconductor 
substrate 54 carries a second plurality of bonding pads 64. The bonding pads of the 
5 semiconductor substrate 54 are wire bonded to the bonding pads 62 of the 
substrate 60 by wire bonds 66 in a known manner. 

[23] An interconnect substrate 70 is carried by the semiconductor 

substrate 54. The interconnect substrate 70 is flip chip bonded to the semiconductor 
substrate 54 by a plurality of solder balls 72. Wire bonds 67 also connect selected 
10 ones of pads 62. The interconnect substrate 70 may be multi-layered and in turn 
provide power supply and ground distribution within the semiconductor substrate 54. 

[24] The interconnect substrate 70 carries a plurality of filter devices 74 in a 

known manner for filtering the power supply voltage. Again, the filter devices may 
include discrete capacitors, inductors, and/or resistance. 

15 [25] The assembly of the semiconductor substrate 54 and interconnection 

substrate 70 is a delicate assembly which preferably is covered by a protective 
material or encapsulant 76. The encapsulant 76 may be deposited as a liquid and 
confined to a specific area by a further material forming a dam 78 in a manner well 
known in the art. Again, the surface area of the interconnect substrate 70 is smaller 

20 than the surface area of the semiconductor substrate 54 to provide peripheral areas 
73 within which the bonding pads 64 of the semiconductor substrate are formed. 

[26] In accordance with further aspects of the present invention, in either the 

integrated circuit device of FIG. 1 or the integrated circuit device of FIG. 2, the 
interconnection substrate may be utilized to distribute power and ground and in 

25 addition, any other critical signals requiring a low impedance path or special filtering. 
The power and ground and critical signals may be coupled to the interconnections of 
the interconnect substrate by the wire-bonding or the use of a conductive 
interconnect layer. Hence, integrated circuit devices structured in accordance with 
various aspects of the present invention have the dual effect of lowering the required 

30 substrate routing density on the package substrate while improving electrical 

performance of the device. The substrate wire density requirement is lessened by 
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the wire bonding wliile the improved electrical performance is provided by the flip 
chip mounted interconnection substrates and optional use of discrete capacitors, 
resistors and devices. As a result, the combined benefit of excellent electrical 
performance and low cost is achieved. 
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